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ABSTRACT 
Global research is moving forward in developing biological production of 
hydrogen as a renewable energy source in order to reduce the use of non-renewable 
energy. Biohydrogen has the potential of replacing the hydrogen production by fossil 
fuels which is one of the major factors that cause the global warming. The amylolytic 
activity of several microorganisms capable of utilizing starch in the dark 
fermentation process has provided a great potential in biohydrogen production by the 
starch degrading bacteria. In this study, starch utilizing bacteria have been 
successfully isolated from cassava chips processing wastewater and sludge. Based on 
the morphological characteristics, the isolate was found to be Gram positive bacteria 
with spherical cell shape. 16S rRNA analysis identified the strain Lactococcus sp. 
SDB4 with 92% similarity to Lactococcus lactis. The partial 16S rRNA sequence has 
been deposited to GenBank with Accession Number KU160544.  Furthermore, the 
isolate was subjected to anaerobic dark fermentation process using synthetic media 
with tapioca starch as the only source of carbon. The findings in this study indicate 
that the Lactococcus sp. SDB4 possesses an amylolytic activity and capable of 
utilizing starch efficiently (75%). This strain has the potential to be used in 
biohydrogen production using starch containing wastewater as substrate.  
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ABSTRAK 
Penyelidikan global dalam pembangunan pengeluaran biohydrogen 
mengurangkan sumber tenaga yang boleh diperbaharui semakin berkembang untuk 
mengurangkan penggunaan sumber tenaga yang tidak boleh 
diperbaharui. Biohidrogen berpotensi untuk menggantikan pengeluaran hydrogen 
daripada bahan api fosil yang merupakan salah satu faktor utama pemanasan global. 
Pembangunan mikroorganisma yang boleh menggunakan kanji berdasarkan aktiviti 
amylolytic dalam proses fermentasi gelap menyumbang kepada potensi pengeluaran 
biohydrogen. Dalam kajian ini, bacteria yang boleh menggunakan kanji telah berjaya 
diperoleh daripada sisa pemprosesan kerepek ubi kayu. Daripada segi morfologi, sel 
bacteria tersebut merupakan bakteria Gram positif yang berbentuk sfera. Berdasarkan 
analisis 16S rRNA, bacteria tersebut merupakan Lactococcus sp. SDB4 dan 
mempunyai 92% persamaan dengan Lactococcus lactis.  Julukan 16S rRNA bacteria 
tersebut telah didaftarkan ke dalam GenBank dengan nombor pendaftaran 
KU160544. Bakteria teersebut diperoleh melalui proses fermentasi gelap yang 
menggunakan media sintetik yang ditambah kanji ubi kayu sebagai sumber 
karbon. Kajian ini juga menunjukkan bahawa bakteria Lactococcus sp. SDB4 
mempunyai  aktiviti amylolytic dan berupaya untuk menggunakan (75%) 
kanji. Bakteria ini berpotensi untuk diaplikasi dalam proses pengeluaran biohidrogen  
bersumberkan sisa air mengandungi kanji sebagai substrat. 
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CHAPTER 1 
 
 
 
1INTRODUCTION 
 
 
 
 
1.1       Background of the Research 
 
 
The current global economy and energy needs are being covered by fossil 
fuels. This has led to hyper consumption of these non-renewable resources which in 
turn has resulted in both the increase in CO2 concentration in the atmosphere as well 
as rapid depletion of fossil fuels. The combustion of fossil fuels and its by-product 
contribute to the increase emission of greenhouse gas (CO2, NO2, CH4 and other 
chemicals) which is responsible for the current global warming and climate change 
(Show et al., 2012). For these reasons, a novel and safe energy carriers are 
introduced that substitute fossil fuels. Among the various alternative sources 
developed, hydrogen is considered the cleanest of all renewable energy source and 
the most promising fuel with high energy content (142KJ g-1) (Rosales-Colunga and 
Rodríguez, 2014; Thakur et al., 2014) 
 
 
Hydrogen is considered to be the inspiring fuels for the environment and 
economy because it produces a non-toxic substance (water) upon combustion and 
provide all the requirements for a clean and renewable fuel (Ramprakash and 
Muthukumar, 2014). In addition, hydrogen is safer to handle than domestic natural 
gas and it can be used directly in internal combustion engines or in fuel cell to 
generate electricity (Boboescu et al., 2014). Despite the fact that hydrogen has many 
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social, economic and environmental benefits, but (Kotay and Das, 2008) revealed 
that the major problem encounter in the utilization of hydrogen gas as a fuel is its 
non-availability in nature and its production is very expensive. 
 
 
 
 
1.2      Production of Hydrogen 
 
 
Conventionally, hydrogen is produced in different forms of processes which 
includes electrolysis, photolysis, thermochemical and thermolysis process of water 
(Audu and Wahab, 2014). (Keskin and Hallenbeck, 2012) revealed that hydrogen can 
also be produced from fossil fuels by steam reforming or thermal cracking of natural 
gas, partial oxidation of hydrocarbons and coal gasification or pyrolysis. However, 
these processes are very expensive, mostly requires an external energy source for the 
process to function and also not constantly eco-friendly (Kanso et al., 2011). 
 
 
In the last few years, attention has shifted towards the novel and less energy 
intensive technologies for the hydrogen production. Biological production of 
hydrogen arises as an ideal way  for hydrogen production due to its flexibility, low 
energy demand, low cost as its requires organic wastes for the process and also very 
environmental friendly (Kim et al., 2011). 
 
  
The biohydrogen production not only provide a clean fuel, but also  provide 
the reduction of environmental pollution from the uncontrolled degradable organic 
waste (Keskin and Hallenbeck, 2012). As reported by (Rosales-Colunga and 
Rodríguez, 2014) 40% of hydrogen is produced from natural gases, 30% from heavy 
oil and naphtha, 18% from coal, 4% from electrolysis and only 1% from biomass. 
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1.3      Applications of Hydrogen 
 
 
Hydrogen is a colourless, odourless and non-toxic gas, and also a promising 
fuel with high energy content which is said to be 2.75 times higher energy yield than 
hydrocarbon fuels(Ramprakash and Muthukumar, 2014). It has a high calorific value 
mass 122 KJ g-1  which is significantly higher  than gasoline (Patel et al., 2015). 
 
 
Hydrogen is widely used in many industries; it is used for the production of 
ammonia and methanol as well as hydrogenation of fats and oils in the food industry 
and production of electronic devices (Rosales-Colunga and Rodríguez, 2014). 
Refineries used it in steel processing, reformulation of gasoline and production of 
compounds with low molecular weight (Audu and Wahab, 2014; Kapdan and Kargi, 
2006). 
 
 
In the transportation sector, hydrogen also plays a vital role where it can be 
used as a fuel for vehicles due to its non-polluting nature thereby reducing 
significantly green house gas emission (Audu and Wahab, 2014; Show et al., 2011). 
Among the electrical generators, hydrogen serves as an oxygen scavengers and a 
coolant which can be used in the generation of electricity by converting chemical 
energy into electrical energy. In addition, hydrogen have a high “low heating value” 
(LHV) which can be used in fuels cells as well as internal combustion engines (Patel, 
et al., 2015). 
 
 
 
 
1.4      Problem Statement 
 
 
Over the years fossil fuels have been the main source of energy and global 
economy. The massive use of these fossil fuels has not only brought environmental 
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threats and health problems, it has also resulted in energy shortage globally and 
emission of green house gases like carbon dioxide (CO2), nitrogen (NO2) and 
methane. The emission of these gases has contributed to the current global warming 
and climate change. 
 
 
To overcome the global warming and energy shortage crisis, there is a need 
to search for alternative renewable energy sources. Hydrogen is considered as one of 
the promising fuel in the future for its renewable energy sources, low cost and 
inexhaustible. Microbial hydrogen production through fermentation using waste 
materials is an attractive option as the waste materials are readily available and the 
fermentation process is technically feasible. Several studies have been done on the 
biohydrogen production using different substrate but the relatively low yield of 
hydrogen, cost of production and unstable hydrogen production are the major 
challenges of biohydrogen production (Show, et al., 2012). The capability of starch 
utilizing bacteria to hydrolyze starch in wastewater and sludge and produce hydrogen 
via anaerobic fermentation provides an advantage for cost competitive and 
sustainable hydrogen production. Hence, this underscores the need to identify and 
characterize the bacterial strains that can utilize starch efficiently with a hydrogen 
production potential. 
 
 
 
  
1.5       Research Objectives 
This study was designed to address the following objectives: 
(1) To isolate starch degrading bacteria from cassava chips industrial waste 
(2) To screen for starch utilizing ability qualitatively 
(3) To identify phylogenetic characteristics of the selected isolate based on 
molecular techniques. 
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1.6       Significance of the Research 
 
 
The increasing public concerns on the environmental problems and energy 
crisis has urged the development of an alternative clean fuel to substitute the 
conventional fossil fuels, in which biohydrogen is among the promising ones. 
Therefore, starch utilizing bacteria isolated from cassava chips processing 
wastewater and sludge is identified and characterized using 16S rRNA sequencing. 
The preliminary study conducted here will provide an insight for possibility of 
hydrogen gas production via dark fermentation by using starch-based waste materials 
as substrate. From the isolation and identification of the bacteria isolated, further 
studies on the hydrogen-producing ability of the bacteria can be carried out, allowing 
the hydrogen gas to be commercially available as clean fuel in the future. 
 
 
 
 
1.7       Scope of the Research 
 
 
This study focused on the isolation of starch degrading bacteria from cassava 
chips processing industrial waste sample (wastewater and sludge) in enriched starch 
wastewater media. The isolates obtained were screened for starch utilization and 16S 
rRNA sequence analysis. The isolates will then be evaluated for hydrogen production 
using gas chromatography (GC) equipped with thermal conductivity detector (TCD). 
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